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Abstract 
In the Federal Aviation Administration (FAA), evaluating the trajectory prediction 
accuracy of air traffic management decision support tools is traditionally performed using 
quantitative techniques. For example during accuracy tasks performed by the FAA’s 
Simulation and Analysis Group (ACB-330), a decision support tool can generate 
thousands of trajectory predictions when processing several hours of air traffic data. 
Programs are run that process this data and generate a relational database of results. 
Statistical techniques are then applied that aggregate the results and provide some 
inference to the data. This paper presents these techniques supplemented with recently 
developed graphical interface tools. By combining the quantitative and graphical results, 
the analyst can not only express the quantitative impact of trajectory accuracy results but 
also illustrate some of the reasons for the inaccuracy. The quantitative and graphical 
analysis automation also shows how aircraft trajectory accuracy can be performed.  
 
Background 
The Federal Aviation Administration (FAA) has sponsored the development of several 
ground based air traffic management decision support tools (DSTs) to support the en 
route and terminal air traffic controllers. A fundamental component of a DST’s design is 
the trajectory modeler, upon which its functionality is based. The trajectory modeler 
provides a prediction of the aircraft’s anticipated flight path, determined from the flight 
plan and radar track data received from the National Airspace System (NAS) Host 
Computer System (HCS). Therefore, the trajectory accuracy, or the deviation between the 
predicted trajectory and the actual path of the aircraft, has a direct effect on the overall 
accuracy of these automation tools. 
 
The Conflict Probe Assessment Team (CPAT), which is a part of the Simulation and 
Analysis Group (ACB-330) at the FAA’s William J. Hughes Technical Center, developed 
a generic method of sampling a set of aircraft trajectories for accuracy measurements. 
This methodology is called interval-based sampling and is defined in [1]; an example of 
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its application is presented in [2]. The accuracy measurement data provided by this 
methodology is stored in an Oracle database.  
 
Typically the CPAT analysts use established inferential statistical techniques to assess the 
DST. This paper presents an application called TrajectoryGUI that provides the analyst 
with graphical representations of the trajectory and track data, which facilitates the 
analyst's understanding of the trajectory errors. 
 

 
Figure 1: Main Window 

 
TrajectoryGUI 
TrajectoryGUI was designed and developed by CPAT on a Sun with the Solaris 
Operating System. This software takes advantage of Java’s portability and can also be 
executed as a remote X application on a PC with the Red Hat Linux operating system. 
TrajectoryGUI interacts with an Oracle 8.1.6 relational database to execute queries for 
collecting flight data and flight trajectories. After launching the program, the analyst sees 
a window for selecting the parameters for the trajectory comparison. Figure 1 presents an 
example of this window.  
 
The analyst first chooses an Air Route Traffic Control Center (ARTCC) from one of the 
20 centers in the United States from a combo box. In the example shown in Figure 1 the 
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analyst has selected the Indianapolis ARTCC (ZID). This information is used to query 
the database to fill a list area that identifies the scenario cases present in the database. In 
the example the analyst has selected the scenario case identified as TESTRUN by 
highlighting it and clicking the OK button. This selection causes another list area to be 
filled that identifies the available flights. In the example the analyst has selected flight 
ABC4000_400 by highlighting it and clicking the OK button. This represents a flight 
with the aircraft identification (ACID) of ABC4000 and a computer identification (CID) 
of 400. This selection causes another text area that identifies the trajectories that were 
generated by the DST for this flight and available for the TrajectoryGUI's plotting 
functions. In the example the analyst has selected trajectory number 851 highlighting it 
and clicking the OK button. At this point the analyst has a number of optional plots 
available: an X-Y plot, a T-Z plot, and a Metrics data listing.  
 
The window displayed if the X-Y button in the main window is selected will contain a 
plot of the flight's trajectory data and, if the analyst has checked the check box in the 
main window labeled HCS tracks, it will also contain the flight's track data. In either 
case the plot will contain the projection of the trajectory and/or track x-y coordinates onto 
the horizontal plane. This plot uses a rectangular Cartesian coordinate system based on 
stereographic projection. X-Y define the horizontal plane with positive X being east and 
positive Y being north. Figure 2 shows an example for which the analyst checked the 
HCS tracks check box so that the resulting plot contains both the trajectory and the track 
data. In this example it can be seen that the trajectory exhibits a significant lateral error. 
 

 
Figure 2: X-Y Plot 

 
 



Submitted to 48th Air Traffic Control Association Annual Conference Proceedings, October 2003 

The window displayed if the T-Z button in the main window is selected will contain a 
plot of the flight's trajectory data and, if the analyst has checked the check box in the 
main window labeled HCS tracks, it will also contain the flight's track data. In either 
case the plot will present this data as altitude versus time. An example of this plot is not 
provided. 
 
The window displayed if the Metrics button in the main window is selected will contain 
a tabular listing of the accuracy measurement data selected from the database. Figure 3 
shows an example of this window. The first column represents the sample time for the 
data. The second column is the build time for the trajectory. Note for this example the 
sample time and trajectory build time do not change. The third column is the look-ahead 
time for the trajectory error measurement. The fourth column is the time. The fifth 
column is the horizontal error with its lateral and longitudinal components in the sixth 
and seventh columns respectively. The eighth column is the vertical error. The remaining 
columns contain flags that are indicative of the state of the flight at that particular time. 
This information is useful so the analyst has immediate access to the measurement data 
while plots are being displayed.  
 

 
Figure 3: Metrics Data Listing 

 
For the ABC4000_400 flight example, the lateral deviation illustrated in the X-Y plot 
was also listed in the Metrics data listing and depicts their relationship. The horizontal 
and lateral errors are rather large. The column labeled ClearFlag explains the main reason 
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for the inaccuracy. When the ClearFlag changes to 1, it indicates an air traffic clearance 
was submitted altering the flights route. Therefore, the errors following the measurement 
at 69650 and beyond exhibit this change in the flight's route. The errors before this time 
indicate an unknown intent (not entered in the trajectory modeler) or lag in the entry of 
the change in route into the NAS. The longitudinal error is not necessarily explained by 
the route change but indicative of other errors, such as speed intent or wind forecast 
errors. The vertical errors in the Metrics plot were all zero. The aircraft was cruising at 
31,000 feet and had no vertical transitions in this sample. As a result, the trajectory 
prediction was completely correct in the vertical dimension. 
 
Additional capabilities of TrajectoryGUI include: 
• a printed output of the X-Y, T-Z plots, or Metrics listing 
• an image file output of the X-Y and T-Z plots 
• an ASCII file output of the Metrics listing. 

 
Future Work 
TrajectoryGUI was just recently developed and to date has had limited use. As seen in 
Figure 1 it is planned that data for two flights can be simultaneous displayed on a single 
X-Y or T-Z plot. These flights may be from the same or from different scenario cases. It 
is anticipated as the CPAT analysts use this application additional modifications will be 
made to enhance its use. The example flight presented shows how the analyst can utilize 
both TrajectoryGUI’s graphical plotting functions as well as its extraction of trajectory 
accuracy metrics (via the Metrics data listing). Automating both these functions allows 
the analyst to focus on the errors and not the mechanics of plotting and extracting 
trajectory data. 
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